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(57) Abstract 

An electrostatic alpha radiation detector for measuring alpha radiation emitted from inside an enclosure (11) comprising an electrical 
conductive expandable electrode (ECEE) (13) for insertion into the enclosure. After insertion, the ECEE is insulated from the cnclosu 
and defines a decay cavity (11a) between the ECEE and the enclosure so that air ions (14) generated in the decay cavity arc elecirostaiical 
captured by the ECEE and the enclosure when an electric potential is applied between the ECEE and the enclosure. 
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APPARATUS FOR DETECTING ALPHA 
RADIATION IN DIFFICULT 
ACCESS AREAS 

\ 

s FIELD OF THE INVENTION 

The present invention generally relates to the detection of 
alpha radiation, and, more specifically, to apparatus for 
detecting alpha radiation in difficult access areas, such as 
glove boxes. This invention was made with Government support 

10 under Contract No. W-7405-ENG-36 awarded by the U.S. Department 
of Energy. The Government has certain rights in the invention. 

The strong alpha signature of transuranics , uranium, radium 
and other radioactive ccncaminancs , coupled with the* relatively 
high energies involved in alpha decays makes alpha detection the 

15 preferred method for locating and measuring radioactive 

ccncaminacion . However, it is well known that alpha particles 
travel only small distances in air until all of their initial 
energy is dissipated through interactions with air molecules. 
This distance is on the order of 3.5 cm, often times is too short 

20 a distance to allow detection by most commercially available 
detectors . 

Alpha particles deposit their energy in the air by 
separating the charge that resides in air molecules, creating 
pairs of positive and negative ions. These air ions, because 

25 they can be transported further than the range of the alpha 
particle, provide a mechanism by which the original alpha 
radiation can be detected remotely. Inventions regarding 
detection of alpha radiation by means of these air ions have 
termed their detection as "Long Range Alpha Detection." 

30 The present invention provides apparatus for detecting alpha 

radiation in areas difficult to access, such as glove boxes, it 
is based on technology which is contained m several U.S. ?acen::s 
which disclose various devices for the long range detection oz 
alpha particles. The first is U.S. Patent No. 5,134,019, issued 

35 February 2, 1993, for a Long Range Alpha Particle Detector. The 
second is U.S. Patent No. 5,194,737, issued March 16, 1993. for 
Single and Double Grid Long Range Alpha Detectors. The third is 
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U.S. Patent No. 5,187,370, issued February 16, 1993, for 
Alternating Current Long Range Alpha Particle Detectors. The 
fourth is U.S. Patent No. 5,281,824, issued January 25, 1994, for 
Radioactive Detection. The fifth is U.S. Patent No. 5,311,025, 
issued May 10, 1994, for Fan- less Long Range Alpha Detector. 
Another recently filed application bears serial number 
08/333,020, filed November 1, 1994, entitled "Event Counting 
Alpha Detector." Still other recently filed applications bear 
serial number 08/382,333, filed February 1, 1995, entitled 
"Background Canceling Surface Alpha Detector, " serial number 
08/395,934, filed February 27, 1995, entitled "High Air Flow 
Alpha Detector, " (having received a Notice of Allowability dated 
November 29, 1995), serial number 08/456,272, filed May 31, 1995 
entitled "Segmented Surface Alpha Detector," serial number 
08/531,998, filed September 21, 1995, entitled "Gamma Ray 
Detector," serial number 08/606,794, filed February 27, 1996, 
entitled "Beta Particle Monitor for Air and Objects," and serial 
number 08/607,672, filed February 27, 1996, entitled "Beta 
Particle Monitor. " 

In the past, several instrument designs have been utilized 
CO detect alpha radiation. Among these are GM tubes, ionization 
chambers, count rate detectors, and scintillation or gas flow 
proportional probes. While these instrum.ents are capable of 
detecting alpha particles, they do sc by directly detecting 
incident radiation, and must be within a few centimeters of the 
source of the radiation. Also, these conventional alpha particle 
detectors, in a single measurement, only can scan an area 
approximately equal to the size of the detector. 

Prior to the development of the long range alpha detection 
technology, alpha contamination, because of its short range in 
air, could not be detected if it originated in a space that was 
too small for insertion of a conventional monitor. Conventional 
detectors have normally been employed in personnel screening, 
when moved slowly in close proximity to a person's body. Workers 
in nuclear processing facilities m.ust place their hands and feet 
on sensors when moving from room to room. All of this can slow 
operations, as it is not currently possible to adequately screen 
personnel within a reasonably short period of time. 

It is also extremely difficult to monitor equipment and 
surfaces for alpha contamination, again due to the limited range 
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of alpha parcicles in air. Because of the monitoring difficulty, 
equipment that has been used in a potentially contaminated area 
is often classified as potentially contaminated, and its further 
use is restricted to other controlled areas, or even discarded 
prior to the end of its useful life. If such equipment could be 
effectively monitored for contamination, the equipment could be 
released for use in uncontrolled areas. Previously, 
contamination inside assemblies has been impossible to detect 
without dismantling the assembly. 

The present invention provides apparatus for incorporation 
with the long range alpha detection technology to allow for 
monitoring for alpha detection inside difficult to access 
enclosures, such as gloveboxes, tanks and barrels. The invention 
allows such monitoring through its application of an expandable 
detection electrode employed as an electrostatic alpha detector. 

It is therefore an object of the present invention to 
provide apparatus that, allows for detecting alpha radiation 
inside enclosures . 

It is another object of the present invention to provide 
apparatus for the detection of alpha radiation that can be 
inserted into an enclosure in a deflated or otherwise compacted 
state and later expanded to an appropriate size inside the 
enclosure . 

Additional objects, advantages and novel features of the 
invention will be set forth in part in the description which 
follows, and in part will become apparent to those skilled in the 
art upon examination of the following or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out in 
the appended claims. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided 
an electrostatic alpha radiation detector for measuring alpha 
radiation emitted from inside an enclosure comprising an 
electrically conductive expandable electrode for insertion into 
the enclosure. After insertion, the electrically conductive 
expandable electrode is insulated from the electrically 
conductive enclosure and defines a decay cavity between the 
electrically conductive expandable electrode and the electrically 
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conductive enclosure so that air ions generated in the decay 
cavity are electrostatically captured by the electrically 
conductive expandable electrode and the enclosure when an 
electric potential is applied between the electrically conductive 
expandable electrode and the enclosure. Indicator means are 
attached to the electrically conductive expandable electrode for 
indicating an electrical current produced by generation cf the 
air ions generated in the decay cavity by collisions between air 
molecules and the alpha particles emitted from the electrically 
conductive enclosure. A voltage source is connected between the 
indicator means and the electrically conductive enclosure for 
creating an electric field between the electrically conductive 
expandable electrode and the enclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated m and 
form a part of the specification, illustrate rhe embodiments of 
the present invention and, together with the description, serve 
to explain the principles of the invention. In the drawings: 

FIGURE 1 is a schematical illustration cf a general 
enclosure in which an electrically conductive expandable 
electrode according to the present invention has been inserted in 
such a way as to provide a decay cavity between the electrode and 
the enclosure, along with the associated indicator and voltage 
source . 

FIGURE 2 is a cross-sectional side view of a glovebox with a 
folded electrically conductive expandable electrode according to 
the present invention being inserted into the glovebox along with 
insulative stand-offs for maintaining a decay cavity between the 
electrode and the glovebox. 

FIGURE 3 is a cross-sectional side view of a glovebox with 
an expanded electrically conductive expandable electrode 
according to the present invention inside the glovebox vyith 
insulative stand-offs in place for maintaining a decay cavity 
between the electrode and the glovebox. 

FIGURE 4 is a plot of the calibration data obtained from ar: 
embodiment of the present invention. 

DETAILED DESCRIPTION 

The present invention provides apparatus for detecting alpha 
radiation from within enclosures in which conventional radiation 
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detectors cannot be utilized. The invention can be understood 
most easily through reference to the drawings- 

Referring first to Figure 1, there can be seen enclosure 11,, 
assumed to be at least partially electrically conductive, which 
offers only a small entry 12 into its interior 11a . Expandable 
electrode 11 has been inserted through entry 12 into enclosure JJ, 
and expanded by use of an air compressor (not shown) in the case 
of an inflatable expandable electrode 13., or by any other 
appropriate means for otherwise expandable electrodes. The space 
between expandable electrode 13. and che interior of enclosure 11 
provides a cavity for alpha radiation to collide with air 
molecules to form air ions 14 . 

As shown, expandable eleccrode 13. is connected to 
electrometer 15^, which is in turn connected to terminal 16a of 
voltage source ie_. Terminal 16b of voltage source 16 is 
connected to enclosure Voltage source 16. may be any source 

of voltage capable of producing 200 volts or greater. In many 
applications voltage source m.ay be a battery. However, it may be 
advantageous to use an alternating current source, which also 
could be used. 

Expandable electrode 13. is made of an expandable 
electrically conductive material, and must be capable of being 
folded into a compact configuration for insertion through small 
openings. One material capable of meeting these requirements is 
aluminized mylar. Expandable electrode H could have many 
configurations, such as umbrella- like or balloon. 

With a voltage existing between expandable electrode 13 and 
enclosure H, air ions 14 will be attracted to either expandable 
electrode 13 or to the electrically conductive portion of 
enclosure H depending on the polarity of air ions 14.. Air ions 
14. collected by expandable electrode 13 will create a small 
current which will flow through electrometer 15., Electrometer 15 
then will indicate the current flow which will be proportional to 
the alpha activity in enclosure 11 . 

One practical application of the present invention will bo 
use in gloveboxes to determine the level of radioactive 
contamination contained inside. Figure 2 is a cross - sect lona 1 
side view of glovebox 21 with expandable electrode H being 
inserted through glove opening 21a in a folded, unexpanded state. 
Glovebox 21 is a combination of electrically conductor and 
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plastic windows. Insulative stand-offs 22 are folded against 
expandable electrode 13. as it is being inserted into glovebox 21, 
Inflation tube 24 is connected to expandable electrode 13 and is 
connected to air compressor 23 for filling expandable electirode 
13 with air after it has been inserted into glovebox 21 . 

Reference should now be made to Figure 3. After expandable 
electrode 12_ has been inserted into glovebox 21,, air compressor 
23 fills expandable electrode 12_ through inflation cube 2J[. As 
expandable electrode 1^ is inflated, insulative stand-offs 22. 
become erect and serve to maintain a clearance of 3-6 inches 
between glovebox 21, and expandable electrode 13^. As previously- 
discussed, this clearance area provides a cavity in which any 
emitted alpha radiation can interact v;ith air molecules to create 
air ions 14. (Figure 1) . 

Insulative stand-offs 22, are constructed so that they are 
capable of collapsing against expandable electrode IJ. during 
insertion into an enclosure. After insertion, insulative stand- 
offs 22^ become erect and provide the necessary isolation of 
expandable electrode 13. from glovebox 2i or any other enclosure 
to be monitored for radiation. Insulative stand-offs 22 may be 
made of any reasonably rigid material such as LEXAN® 
( therm.oplastic carbonate- linked polymers) or TEFLON® 
( tetraf luoroethylene) . 

As is shown schematically in Figures 2 and 3, expandable 
electrode 13. is connected to electrometer 15» through resistance 
25 . and electrometer 15_ is connected to terminal 16a of voltage 
source 16. Terminal 16b of voltage source ^6 is connected to 
ground 26. and to glovebox 2_1. Resistance 2S^ is not required for 
operation of the invention. The only purpose of resistance 25. is 
to reduce the shock hazard of the present invention. If used, it 
could have a value of approximately 1-100 megohms. 

EXAMPLE 

A calibration test was run using a rectangularly shaped 
expandable electrode 13_ inserted within a metal enclosure, and 
maintained approximately two inches from the walls of the box. 
Expandable electrode 1^ was connected to a 300 V battery through 
a Keithley electrometer. The outputs for this calibration were 
measured in disintegrations per minute (dpm) , and are illustrated 
in Figure 4 fcr the various radioactive sources indicated. Each 
source was placed inside the m.etal enclosure for a period of 60 
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seconds. Figure 4 clearly illustrates the excellent response of 
the present invention to alpha activity inside an enclosure. 

It is clear that the present invention can be used to 
monitor many types of enclosures which are difficult or 
impossible for other types of radiation detectors to monitor. 
Although different configurations of expandable electrode 13 
would be used for different applications, the efficiency of the 
detection would be similar. -Among the applications for the 
present invention would be empty barrels which may be 
contaminated, the space at the top of storage tank at the Hanford 
facility, tanks of all kinds, and the interior of short pipes and 
ducts . 

Although the use of the invention is primarily suited to 
electrostatic applications, it can also be used in conjunction 
with airflow long-range alpha detectors as disclosed in the 
previously referenced patents and applications. 

The foregoing description of the preferred embodiments of 
the invention have been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and obviously many 
modifications and variations are possible in light of the above 
teaching. The embodiments were chosen and described in order to 
best explain the principles of the invention and its practical 
application to thereby enable others skilled in the art to best 
utilize the invention in various embodiments and with various 
modifications as are suited to the particular use contemplated. 
It is intended that the scope of the invention be defined by the 
claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. An electrostatic alpha radiation detector for 
measuring alpha i'adiation emitted from inside an enclosure 
comprising : 

an electrically conductive expandable electrode for 
insertion into said enclosure, after insertion said 
electrically conductive expandable electrode being insulated 
iErom said enclosure and defining a decay cavity between said 
electrically conductive expandable electrode and said 
enclosure so that air ions generated in said decay cavity are 
electrostatically captured by said electrically conductive 
expandable electrode and said enclosure when an electric 
potential is applied between said electrically conductive 
expandable electrode and said enclosure; 

indicator means attached to said electrically conductive 
expandable electrode for indicating an electrical current 
produced by generation of said air ions generated in said 
decay cavity by collisions between air molecules and said 
alpha particles emitted from said enclosure; and 

a voltage source connected between said indicator means 
and said enclosure for creating an electric field between said 
electrically conductive expandable electrode and said 
enclosure . 

2. The electrostatic alpha radiation detector as 
described in Claim l, wherein said voltage source comprises a 
battery having a voltage between equal to 200 VDC or greater. 

3. The electrostatic alpha radiation detector as 
described in Claim 1, wherein said voltage source comprises a 
source of at least 200 VAC, 
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4. The electrostatic alpha radiation detector as 
described in Claim 1, wherein said indicator means comprises 
an electrometer. 

5. The electrostatic alpha radiation detector as 
described in Claim 1, wherein said electrically conductive 
expandable electrode comprises aluminized mylar, 

6. The electrostatic alpha radiation detector as 
described in Claim 1 further comprising a plurality of 
insulating stand-offs attached to said electrically conductive 
enclosure for insulatively maintaining said decay cavity 
between said electrically conductive expandable electrode and 
said enclosure, said insulating stand-offs being collapsible 
against said electrically conductive expandable electrode 
during insertion of said electrically conductive expandable 
electrode into said enclosure. 

7. The electrostatic alpha radiation detector as 
described in Claim 1 , wherein said plurality of insulating 
stand-offs are made of tetraf luoroethylene . 

8- The electrostatic alpha radiation detector as 
described in Claim 7, wherein said plurality of insulating 
stand-offs are made of thermoplastic carbonate- linked 
polymers . 


wo 97/45754 PCTAJS97/09576 

1/4 


14 


^11 







o 

Inflatable ^lectrode 

o 

O 


L \. J 

o 


o - Air ionization 





14 

Glovebox or other container 
with alpha contamination 


12 


^;^16a 

% 


^16 


16b 


Fig. 1/4 


SUBSTITUTE SHEET (RULE 26) 


wo 97/45754 


2/4 


PCTAJS97/09576 



SUBSTITUTE SHEET (RULE 26) 


wo 97/45754 


3/4 


PCT/US97/09576 



SUBSTITUTE SHEET (RULE 26) 


wo 97/45754 


4/4 


PCT/US97/09S76 



(Vi) esuodsey Jop9;8a 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US97/09576 


A. CLASSIFICATION OF SUBJECT MATTER 

rPC(6) :G01T 1/18 
US CL :250/380 

According to Intcmalional Patent Classtficalion (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documeniation searched (classificalion system followed by classification symbols) 
U.S. : 250/380.385.1.374.382,384 


Documenutfon searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


us 5,514,872 A (BOLTON ET AL) 07 MAY 1996 
(07/05/96), SEE ENTIRE DOCUMENT. 


1-8 


I I Further documents are listed in the continuation of Box C. | | Set palcnt family annex. 


* Special catcgoriea of cited docunictUi: 

*A* documcQtdermi&f tbe gcoenl tUte of tbe «/l which ti not couiderod 

i4 be of pAiticukr rckmoce 

*E* cvlier documcot pufalkbed oo or mhcr the mtcmabonal fdiai <Uic 

'L* document whicb suy throw doubu oo phonty clAim<*) or which ii 

cited to c»tgl>l'i»h the pubkic%boa dftie of another ciuuoo or other 

'O* docvmeat refcrriai to an orml diaclotturc. u»e. e&h»bitM>o or other 


"P* documottpuhliihttipfkM'to the uit£nMtjo<^rilij>f dftU hut Utcr t 
tbe pnority d>ie cUimed 


"V later document pubiiahod «/ter the uuemitkMiAl ftliog date or phohty 

dale and oot ia oooflkt with the appbcatioo but cited to undcritaod the 
princtpk or theory uodcrlyinf ihc iovcattoo 

*X' document of paiticular relevance; the cWumcd iovcnttoa cannot he 

conaidcred oovcl or canoot be cooaidcred to involve aa inveauve step 
when the documeat it talcca atone 

'Y* docwneat of putkular rckvaoce; the cUimod invenboo cannot be 

conaidervd to oivolve an inveative tlep whea the document u 
combined with ooc or more other lucb documeota. iuch cumbtnatioa 
being obvious to a peraoo akiUed in the art 

' documeat OManber of the Mune patent family 


Dale of the actual completion of the intemattona) search 
09 SEPTEMBER 1997 


Date of mailing of the international search report 


1 9 SEP 1997 


Name and mailing address of the ISA/US 
CoauniMioner of Patenia and Trademarks 

Box per 

Waahtn^n. D.C. 2023i 
Fftcaimyc No . (703) 305»3230 


Atithorizcd ofOccr 

C^RTHanii 


Telephone NtT. ^ (703) 308-4853 


Form PCT/lSA/210 (second shcel)(July 1992)* 


